IntroductIon
Sore throat, hoarseness, cough, dysphonia, and dysphagia are common postintubation complaints among patients who have undergone procedures with the insertion of an endotracheal tube (ETT). The incidence of postoperative sore throat can be as high as 62%, [1] and hoarseness can affect 32%-55% [2, 3] of patients with about 3% of cases reported to develop permanent hoarseness. [2] These are thus a cause of significant patient discomfort and dissatisfaction in the postoperative period and may even require treatment with supplementary medications.
The factors identified for the occurrence of these complications include anesthetic drugs and gases, [4] excessive pharyngeal suctioning, site of surgery, [4, 5] age and gender, [5, 6] size and type of ETT, cuff design, size and pressure, [7, 8] number of trials and duration of intubation, [8, 9] intubation with or without muscle relaxation, [10, 11] movement of ETT during surgery, bucking and coughing on ETT intraoperatively or during extubation. [10] One of the theories postulated for the occurrence of postintubation sequels (PIS) is local irritation and inflammation due to trauma to the airway. [12] [13] [14] [15] Various treatment modalities have been used to attenuate PIS but with varying efficacy. These include gargling with ketamine, [16] [17] [18] aspirin and benzydamine, [19] [20] [21] prophylactic oral gabapentin, [22] magnesium lozenges and gargles [18, 23] and strepsils tablets, [24] and lignocaine gel and spray. [25] Steroids possess anti-inflammatory properties, and for this reason, betamethasone gel, [26] beclomethasone, [27] and fluticasone [28] inhalation and intravenous (iv) dexamethasone [29] have been used for attenuating the postoperative sore throat.
Extensive search of literature shows that there are no studies which assess the role of preoperative inhaled steroid administration and intra-operative technique of muscle relaxation on the development of PIS. We hypothesized that preanesthetic inhaled fluticasone due to its anti-inflammatory property and continuous administration of muscle relaxant infusion would lower the incidence and severity of PIS. Therefore, this study was designed to find the effect of administration of preanesthetic inhaled fluticasone or distilled water puffs and two techniques of muscle relaxation (intermittent muscle relaxant and awake extubation versus continuous infusion of muscle relaxant and extubation in deep plane) on the incidence and severity of PIS in the general population undergoing surgical procedure requiring general anesthesia (GA) with cuffed ETT insertion.
PatIentS and MethodS
Institutional Ethics Committee-Human Research approval was obtained before initiating the study. All the procedures followed were in accordance with the Helsinki Declaration of 1975, as revised in 2000. Written informed consent was obtained from all the participating patients. The study was conducted over 18 months between November 2013 and April 2015.
This exploratory, pilot study was conducted on patients between 18 and 60 years of age belonging to the American Society of Anesthesiologist physical status class I and II, undergoing GA with muscle relaxation and cuffed ETT insertion for airway maintenance for elective surgical procedures. Smokers, patients with history of upper respiratory tract infection or on inhaled or oral steroid use in the last 1 month, anticipated difficult airway, reactive airway disease, surgeries requiring repeated oral or tracheal suctioning, pharyngeal packing, Ryle's tube insertion, head, neck or oral surgeries, patients requiring re-intubation, nasotracheal intubation, and change in position after intubation were excluded. As this was undertaken as a pilot study, 30 cases were included in each group (a total of 120 patients).
Demographic characteristics of all patients were noted and preanesthetic evaluation was done. Preanesthetic medication, ranitidine 150 mg orally and alprazolam 0.25 mg orally was administered on the night before and on the morning of surgery. Patients were randomly divided into four groups using computer-generated random number Four puffs of distilled water were administered through the mucosal atomizing device (MAD) in groups I D and C D whereas four puffs of fluticasone 125 µg (total of 500 µg) were administered using spacer device during two consecutive deep inspirations in groups I F and C F by an independent anesthesiologist not involved in assessing the postoperative outcome. To ensure blinding, the observer recording postoperative outcome measures was not present inside the operating theater and was not aware of the preoperative inhalation drug administered or the technique of intra-operative muscle relaxation adopted.
Iv access was secured and routine monitors including electrocardiography, noninvasive blood pressure and pulse-oximeter were attached. Anesthesia was initiated by administering injection morphine 0.1 mg/kg iv and induction with injection propofol 2-3 mg/kg followed by injection vecuronium 0. 
Intermittent muscle relaxant technique and extubation in the awake state
This technique was used in groups I D and I F . Intubation was done after 3 min of vecuronium administration. Intermittent boluses of ¼ th of the intubating dose of vecuronium were given when the patient showed signs of diaphragmatic activity or reservoir bag movement, as during conventional anesthesia. At the end of the surgery, the residual neuromuscular (NM) blockade was reversed with injection neostigmine (50 µg/kg iv.) and injection atropine (20 µg/kg iv.) after the return of spontaneous respiratory efforts. Laryngoscopy was done to visualize any oropharyngeal injuries and for performing suction under vision, and extubation was done when the patient was awake, and protective reflexes were regained.
Continuous muscle relaxant technique with extubation in deep plane of anesthesia
This technique was used in groups C D and C F . Train-of-Four (TOF) method of NM monitoring was used for monitoring the degree of relaxation. TOF monitoring was started after the loss of consciousness following induction of anesthesia, and endotracheal intubation was done after the disappearance of all the four TOF responses following administration of vecuronium. TOF monitoring was continued throughout the procedure. Infusion of vecuronium was initiated at the rate of 0.8-1.0 µg/kg/min with a syringe infusion pump when the TOF = 1. Dose of vecuronium infusion was adjusted to maintain TOF ≤1 at all times. The infusion of muscle relaxant was stopped at the time when the surgical procedure was expected to be over, but the administration of the volatile anesthetic was continued to maintain adequate depth of anesthesia to prevent coughing or bucking over the ETT. Reversal of residual NM block was done with injection neostigmine (50 µg/kg iv.) and injection atropine (20 µg/kg iv.) when the TOF count was ≥2. Laryngoscopy was done to visualize any oropharyngeal injuries and for performing suction under vision. Extubation was done when TOF ratio was ≥0.7. Injury to pharyngeal and supraglottic structures at the time of laryngoscopy and just before extubation was noted. The presence of blood over the ETT after extubation was looked for.
Sore throat was defined as a constant pain or discomfort in the throat independent of swallowing. Dysphonia was defined as difficulty in speaking or pain on speaking and dysphagia was defined as difficulty or pain provoked by swallowing. Patients were interviewed at 2, 6, and 24 h postoperatively and the incidence of PIS was noted, and the severity was graded according to Table 1 . The occurrence of blood streaked expectoration at any time during the first 24 h after extubation was also recorded.
Sample size calculation and statistical analysis
Since this was undertaken as a pilot study, 30 patients were enrolled in each group making a total of 120 patients. All the four groups were compared using Chi-square test/Fisher's exact test for qualitative variables. Within and between the groups comparisons were obtained by repeated measure ANOVA followed by Tukey's test for quantitative parameters. Nonparametric tests (McNemar test and Mann-Whitney Test) were applied wherever appropriate, and P value was considered after Bonferroni correction. A value of P < 0.05 was considered as statistically significant. All the statistical analysis was carried out using SPSS Statistics for Windows, Version 20.0. (Armonk, NY: IBM Corp.).
reSultS
The demographic profile and other patient characteristics are shown in Table 2 . Various sizes of ETT used in the patients in the four groups were 7.0, 7.5, 8.0, or 8.5 mm ID. The time interval between fluticasone and distilled water puffs administration and intubation was statistically similar among all the four groups (P = 0.303). The total duration of ETT in situ was also statistically similar among all the four groups (P = 0.830). However, there was a statistically significant difference between the total dose of vecuronium required between the groups (P < 0.05). More dose of vecuronium was used in the continuous infusion groups. Table 3 shows the incidence of PIS in the four groups. The incidence of sore throat, hoarseness, cough, dysphonia, and dysphagia was calculated by observing their presence at 0, 2, 6, and 24 h postoperatively. Patients in group C F had significantly less sore throat compared to those in groups I D and I F . Incidence of hoarseness was least in group C F (23.3%) when compared to all the other groups and was highest in group I F (90%). None of the patients had a cough in group C F , in contrast to 30% of patients in group I D , 20% in group I F , and 6.6% in group C D . Incidence of dysphagia was significantly higher in group I D as compared to continuous infusion groups (C D and C F ). The incidence of dysphonia was clinically higher in group I D as compared to all the other groups. However, it failed to achieve statistical significance (P = 0.188).
None of the patients in any of the four groups showed any evidence of blood streaked expectoration or evidence of any nerve injury at any point in time. Table 4 shows the comparison of overall severity of PIS in different groups. The severity was graded using predefined scores [ Table 1 ]. The mean value of the maximum scores recorded over the entire observation period was taken to represent the overall severity of the PIS. The severity of sore throat was more in intermittent muscle relaxant groups (group I D and I F ) than in continuous infusion groups (group C D and C F ). The severity was maximum in group I D and comparable in groups C D and C F . Group C F patients had the least severity of hoarseness as compared to all the other groups. Patients in the intermittent muscle relaxant groups (I D and I F ) developed Severe dysphagia URI=Upper respiratory infection more severe hoarseness compared to those in the continuous infusion groups (C D and C F ). Group I D had significantly more severe dysphagia compared to both continuous infusion groups (C D and C F ). There was no statistically significant difference between the severity of dysphonia in all the groups. Only one patient in each of the two groups, I D and I F (3.33%), developed severe (grade 3) hoarseness and sore throat, respectively. None of the patients in continuous infusion groups (C D and C F ) developed severe grade PIS. Table 5 depicts the correlation of trauma to the development of PIS. Trauma was present in 16 patients (16.3%) out of 120 patients as assessed on preextubation direct laryngoscopic examination. It was observed that the incidence of sore throat, hoarseness, cough, dysphonia, dysphagia, and blood streak expectoration was statistically similar in all patients irrespective of the presence or absence of trauma on preextubation laryngoscopy.
The incidence of developing PIS was compared with blood staining on ETT [ Table 6 ]. Blood stained ETT was present in 13 (10.8%) out of 120 patients when examined with the naked eye after extubation. The incidence of sore throat, hoarseness, cough, and dysphagia was statistically similar in all the groups. However, dysphonia was found in 53.84% patients who had blood stained ETT compared to only 13.08% when no blood staining was seen (P < 0.001).
dIScuSSIon
This study was designed to find the influence of preanesthetic inhaled fluticasone and the effect of muscle relaxant technique on the development of PIS. The major findings of the study were that the overall incidence of sore throat was 38.5% and hoarseness was 60.6%. The severity of sore throat and hoarseness was least in patients who received both fluticasone puffs and continuous infusion of muscle relaxant as opposed to intermittent muscle relaxation groups with or without preoperative fluticasone. Patients who received continuous muscle relaxation had a significantly lesser incidence of cough. There was no influence of either the technique of muscle relaxation or steroid administration on the incidence and severity of dysphonia in this study. Dysphagia was the highest in the group where neither fluticasone puffs nor muscle relaxant infusion was used.
The strengths of the study are that to the best of our knowledge, it is the first study to have compared the influence of technique of muscle relaxant and preoperative steroid inhalation on the incidence and severity of PIS. The PIS observed were not only limited to sore throat and hoarseness, which most of the other studies have concentrated on but also it consisted of a spectrum of complications encompassing cough, dysphonia, and dysphagia.
The overall incidence of sore throat observed in this study was similar to that reported in the literature. [1] The combined effect of good intra-operative muscle relaxation with extubation in the deep plane and anti-inflammatory effect of preoperative steroid may have been responsible for the reduced incidence as well as the severity of all the PIS. Only steroid administration without continuous muscle relaxation did not result in a reduced incidence of PIS. Combes et al. found that the use of muscle relaxant reduced the incidence of sore throat. There are no comments on the severity of sore throat in this study. [30] Studies conducted by Ayoub et al. [31] and Honarmand and Safavi [27] reported lower sore throat grades in the patients where steroids were used. Tazeh-Kand et al., reported a reduction in the incidence of sore throat with the use of fluticasone puffs with none of the patient reporting severe or moderate grades of sore throat. [28] In our study also, steroid use preoperatively was associated with a reduction in the incidence and severity of PIS.
Past studies using inhaled steroids and steroid smeared ETT have shown to significantly reduce the incidence and severity of hoarseness [13, 14] similar to our findings. However, the role of muscle relaxation for reducing hoarseness was not found to be promising by Honarmand and Safavi [27] Similarly, in our study, steroid with intermittent muscle relaxation was not effective in reducing the incidence and severity of hoarseness. However, the combined effect of continuous relaxation and steroid inhalation was associated with reduction in the hoarseness.
In the present study, patients who received continuous muscle relaxation and steroid did not complain of cough in the first 24 h. The incidence was a mere 6.6% with continuous infusion without steroid, 20% with steroid and intermittent muscle relaxation and 30% with intermittent relaxation without steroid. Again, the role of continuous muscle relaxation was much higher in contributing to the nondevelopment of cough than steroid. Somewhat similar to our findings are the observations by Ayoub et al. [31] who reported that steroid gel application on the ETT did not reduce the incidence of cough. Fluticasone administration has shown a reduction in the incidence of cough from 18.3% to 3.33% in a previous study.
[ 28] We also found that fluticasone reduced cough (from 30% without steroid to 20% with steroid in intermittent groups), but its effect was more pronounced when combined with continuous muscle relaxation (6.6% without steroid to 0% with steroid in continuous groups).
The development of dysphonia was not influenced by either the technique of muscle relaxation or steroid administration in this study. Dysphagia was significantly higher in the group where neither fluticasone puffs nor muscle relaxant infusion was used. However, it can be clearly seen that the continuous infusion of muscle relaxant with or without fluticasone administration are superior to no fluticasone and intermittent muscle relaxation. In studies done by Honarmand and Safavi [27] steroid was found In a previous study by Mencke et al., [10] it was found that better intubating conditions with the use of muscle relaxant during intubation were associated with less hoarseness and vocal cord sequels. In the present study also, since all the patients received muscle relaxant for intubation, the incidence of trauma was 13.3% and it did not result in an increase in PIS.
There are a few limitations to this study. First, the administration of distilled water puffs was done using MAD device while fluticasone was administered via a spacer device. The particle size produced by the two methods is different which may have influenced the results. Second, in the intermittent muscle relaxation groups, top-up of relaxant was given based on the subjective criteria, unlike the continuous infusion groups where NM monitoring was performed. Another reason is the criteria for deep extubation that were used in our study (TOF >0.7) have now been revised to TOF >0.9.
concluSIon
Based on the observations of our study, we conclude that preanesthetic inhalation of fluticasone puffs and continuous infusion of muscle relaxant with extubation in deep plane of anesthesia results in lesser incidence and severity of sore throat, hoarseness, cough, and dysphagia. Fluticasone inhalation alone does not have any beneficial effect on reducing the PIS. Therefore, we recommend the use of fluticasone puffs and continuous infusion of muscle relaxant to minimize PIS.
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